Abstract The aim of this study is to detect variability and changes in the occurrence of the thermal seasons in Poland during the period from 1951 to 2010. A monthly temperature dataset using average area values allowed the researchers to set proper occurrence dates for the thermal seasons' beginnings and length according to the following criteria: winter (t < 0°C), early spring (0-5°C), spring (5-15°C), summer (t > 15°C), autumn (5-15°C) and early winter (0-5°C). Statistically significant long-term trends have been detected for the occurrence dates of the thermal seasons' beginnings and season length. Seasonal variability accelerated significantly since the end of the twentieth century. The trend of limiting wintertime in Poland is 0.64 days per year, while summer and early spring seasons are longer by approximately 0.30 and 0.25 days per year, respectively. All seasons since thermal early spring until thermal summer tend to occur earlier, while the following seasons have the opposite trend. As a result, the number of years without thermal winter has substantially increased in the past 20 years. Simultaneously, thermal summer became the longest season in 85 % of years after 1990 in comparison to less than 50 % in the period from 1951 to 1970. Also, the change in the annual course of monthly mean temperature results in the fact that thermal spring is becoming longer than thermal autumn.
Introduction
The impact of global warming on the seasonal structure of the climate is becoming a more and more common field of climatological studies, mainly due to its effects on natural and social systems (Pielke et al. 2002) . According to the BACC report (2008) , the estimated linear trend of mean temperature increase in the years 1871-2004 is about 0.07°C per decade in the Baltic Sea Basin countries to the south of 60°N, which is almost equal in comparison to the values reported in the Fourth Assessment Report of the IPCC (2007) that refer to observed global warming in the twentieth century (0.6 ± 0.2°C).
On the other hand, the signal of climate change strongly varies seasonally, with the highest increase of air temperature observed especially in wintertime (Degirmendžić et al. 2004) . It results in decreasing tendency of annual amplitude (Wibig and Głowicki 2002) , which makes the climate of Poland more maritime, accordingly with the growing intensity of the NAO index. Concurrently, changes of air temperature reflect to an observed seasonal pattern, often perceived by wide range of people equivalently as a climate change evidence (Rebetez 1996) . In a temperate climate zone, increases in mean air temperature usually induce an earlier onset and a lengthening of the growing seasons (Carter 1998; Menzel 2003; Kożuchowski and Degirmendžić 2005; Song et al. 2009; Irannezhad and Kløve 2015) , described as any period with a daily mean temperature above 5°C. An earlier onset is also typical for spring and summer, while autumn and winter begin later (Ruosteenoja et al. 2010) .
So far, research considering climate change in terms of seasonal variability concentrated on present states and the future of agriculture potential based on phenological observations (Menzel and Fabian 1999) , while possibility of using thermal season appearance as a climate change indicator was diminished or used only on a regional scale. As presented in some papers (Rapp and Schoenwiese 1994; Jaagus et al. 2003; Kożuchowski and Degirmendžić 2005; Ruosteenoja et al. 2010) , the sensitivity of the thermal seasons' occurrence may vary depending on the region and may have different impact on the environment, its adaptive capabilities, including further agricultural and food production problems (Kramer et al. 2000; Lobel and Field 2007) . This fact causes an increase of interest in thermal seasons' variability as an additional index of climate changes, which follow the direct perception of humans (Rebetez 1996) . Knowledge about the temporal variability of the thermal seasons may be also essential in detecting tendencies of climate change in particular sub-periods of year, which is valuable information for the governmental purposes of future planning.
In consideration of the above premises, the aim of this study is to present the characteristics and temporal variability of the thermal seasons in Poland, with a focus on extreme events of seasons' occurrence. The authors also determined the tendencies observed in the period of analysis and discover whether they follow the tendencies presented in climate change reports.
Methods, dataset and area of research
Defining thermal seasons was a subject of many purely theoretical debates concerning methods of determining and establishing the number of thermal seasons. Many papers considered eight thermal seasons in relation to phenological conditions (Piotrowicz 2010) , four seasons while referring to astronomical or meteorological criteria (Pielke et al., 1987; Rapp and Schoenwiese 1994; Tveito et al. 2000; Ruosteenoja et al. 2010) , and six seasons according to original attempts at disambiguation (Jaagus et al. 2003; Czernecki and Miętus 2010) .
The classification presented below is one of the most common and widely used in Central Europe, and it follows Romer's methodology (1949) . It is based on the monthly mean values of air temperature and threshold values for every part of the year, as shown in Table 1 .
In order to establish the onset date precisely, formulas for the rising (1) and falling (2) phase of the mean temperature were employed:
where: t 1 is the monthly mean temperature in the month preceding the crossing of the threshold value, t 2 is the monthly mean temperature in the following month, t p is the threshold value, n is the number of days in the previous month, and x is the number of days to be added to the 15th day of the previous month.
The use of mean daily air temperatures, even if usually more accurate for determining onset dates, may be misleading in many cases due to rapid fluctuations in air temperature during some periods in the first half of the year (Czernecki and Miętus 2010) . It means that a threshold value can be crossed even a few times in a relatively short period of time, what may result (in utter cases) in differences up to 2 weeks in determined thermal season's onset date depending on applying monthly or daily dataset (Czernecki and Miętus 2010) . Keeping that in mind, the authors decided to choose the less subjective approach which is based on monthly mean air temperatures and respective formulas (Eq. 1, Eq. 2) for calculating onset dates. In particular years without thermal winter (monthly mean temperature always above 0°C), termination of early winter was established by dividing length of whole period with temperature below 5°C into two equal subperiods. Since the beginning of thermal winter may occur either before or after the turn of the year, the years given in the manuscript reflect to the second alternative (i.e. in case the thermal winter starts in November or December, the year indicated in the manuscript is as if this season starts in January or February the following year).
The analysis is based on data derived from 45 stations maintained by the Institute of Meteorology and Water Management-National Research Institute (IMGW-PIB). All stations include the complete and quality-controlled dataset since January of 1951 to March of 2011 and are fairly evenly distributed over the territory of Poland (Fig. 1) . Selected stations represent the regional mean elevation quite well with the average elevation for all stations only 14 m lower than that for the whole area of country (stations above 1000 m amsl were excluded). The entire area of Poland was additionally divided into seven physio-geographical regions from north to south according to traditional, geographical division of country (Kondracki 2002; Fig. 1 ). The regions of Lakelands, Lowlands, and entire area of Poland were additionally splitted onto eastern and western subregions to show the typical for Polish climate east-west gradients (Ustrnul and Czekierda 2005, Fig. 2 ).
The final value for an area's monthly mean (T avg ) was calculated according to the method applied by the Polish Climate Monitoring Bulletins (Biernacik et al. Early winter 0 5 2010), using the distance weight factor defined by Alexandersson (1986) .
where: T j is the average temperature on station j; w j is the weight factor for station j; k is the number of stations
where: L j is the distance from station j to centroid of area; d is the constant value (for temperature 0.001 km
−1
). Those values obtained by Alexandersson's method are usually close (i.e. ±1 week) to mean regional values calculated with GIS-based regression Kriging interpolation method driven by longitude, latitude, altitude and distance to the Baltic Sea Coast (Fig. 2) .
The trends for the duration and onset dates of the thermal seasons were examined via linear regression. The statistical significance of the trends was verified by the Mann-Kendall (MK) non-parametric test (Mann 1945 , Kendall 1975 ) with a significance level of 1−α = 0.95. This test has low sensitivity to abrupt breaks due to inhomogeneous time series and is highly recommended method by the World Meteorological Organization for the analysis of historical trends in climatological, hydrological and environmental time series.
Characteristics of the thermal seasons
The influence of continental and maritime air masses over Poland results in clearly seen transient character of thermal seasons' occurrence. Therefore, most of the analysed patterns show typical east-west gradients, which in some cases (only in areas below 500 amsl) may reach up to 50 days (Fig. 2) . This shows huge complexity of thermal seasons' occurrence, even inside the same regions, and points out the most possible directions of anomalies (positive or negative) from the mean values described in the particular regions. The thermal seasons variability in Poland, 1951 Poland, -2010 
Average lengths and occurrence dates
According to the monthly mean averages for the period from 1951 to 2010, the thermal early spring starts in most regions of Poland in the second half of February or in the first days of March (Fig. 2, Table 2 ). This transient season is usually the shortest one, and its average length is a little more than a month (Table 3 ). The average thermal spring onset date is similar in the entire country, and it falls between the end of March and the beginning of April. Thermal spring is longer by 10 days on the coast and by 20 days in mountainous areas, in comparison to the Polish interior (62-64 days).
The earliest onset of thermal summer is observed in the Lowlands and in the Subcarpathian region ( Fig. 2) , where the season starts in the last days of May. In the mountainous areas and on the coast, the strong influence of local factors (elevation, impact of the Baltic Sea cooling) results in 2 weeks later start of thermal summer in comparison to neighbouring regions. Thermal summer lasts for about 3 months and is the longest thermal season in Poland (except the most southern areas, Table 3 ).
The onset of thermal autumn is usually observed between late August and early September. The average length of thermal autumn varies between 63 days in the Lowlands and the Subcarpathian region to approximately 70 in the Sudetes and Carpathian regions (Table 3) .
The thermal early winter starts typically in the first days of November. Thermal early winter, being a transient season, like thermal early spring, is relatively short, and it lasts only a few days longer than 1 month in most regions, with the exception of the Baltic Sea Coast, where it persists 50 days ( Table 3) .
The second longest thermal season, in most cases, is thermal winter, with an average duration of 75 days in Poland. However, due to the early onset of early spring and the late end of early winter, this season (thermal winter) is as short as 48 days on the coast. The beginning of the thermal winter does not vary significantly in most regions and it is observed between the 8th and 11th of December. Only on the Baltic Sea Coast winter starts later-on the 1st of January.
Temporal variability and extremes characteristics of thermal seasons

Winter
The relatively high mean temperature of winter months in the period from 1991 to 2010 in comparison to 1951 to 1970 3) can be especially well recognized in the late winter. The temperature increase in February and March affects the duration of this thermal season, especially on the Baltic Sea Coast region, where 10 years without a thermal winter were recorded from 1988. Additionally, the onset date of thermal winter shifted from the second half of December to January. For the whole area of Poland, all six cases without thermal winter occurred between 1988 and 2008. In this period, even in mountainous areas, 2-3 years without any crossing of the threshold value (0°C) occurred. The longest thermal winter (122 days) was observed in the winter season 1995/1996, which ended on the 19th of March. In the Carpathian Mts., it was even 9 days longer, while on the Coast, it lasted for 108 days.
The variability of thermal winter is noticeable in the range of onset dates as well as durations of this season.
The earliest beginnings in most regions were noted in the first 10 days of November, while the latest dates were observed in the beginning of March. In less elevated regions, the beginning dates of the winter seasons most frequently occurred between the middle of November and last 10 days of December (from 81.5 % in the Lakelands to 89.7 % in the Carpathian Mts.). The exception to this rule is the Baltic Sea Coast, where every second onset of thermal winter was observed in December and every third onset was observed in January (Fig. 4) .
There is a general tendency for the range of onset dates to increase in Poland. The observed range of the onset of winter season is now by 30 % bigger than it was at the beginning of the second half of the twentieth century, and at the same time, 
Early spring
As a consequence of the increasing number of years without a thermal winter, the beginning of early spring can occur as soon as the second half of December. Nevertheless, due to the large range of the onset and duration of thermal winter, the variation of the early spring occurrence and its length is relatively high (Fig. 4, Fig. 5 ). The onset dates of early spring's occurrence in Poland were noticed most frequently between the end of February and the middle of March (about half of all cases), while the latest incidents of the beginning of season took place by the end of March. The transient character of early spring is seen when examining the duration of this season. The rapid increase of monthly mean temperature above 5°C in the first half of the year (Fig. 3) may result in the shortening of thermal early spring, even to only a few days (e.g. 1952, 1962-64, 1987, 1996, 2006) . However, the typical duration of early spring is between 20 and 50 days (about 75 % of all cases, Fig. 4) , while the longest recorded early spring lasted more than 100 days, which happened in years without a thermal winter. Taking into account the dispersion statistics for the early spring onset, it is worth noticing that the standard deviation computed in the years 1951-1970 amounted to 20 days in all regions, while The thermal seasons variability in Poland, 1951 Poland, -2010 in the following periods, it was by 6-8 days greater. Similarly, for the whole country, standard deviation values for thermal early spring's duration increased in every following 20-year period from 12.9 to 19.9 days, which confirms the hypothesis of an increasing irregularity of this transient season.
Spring
The distribution of the onset dates of spring are similar in shape to a Gaussian distribution, with the highest probability of occurrence in late March and in the beginning of April (about 75 % of all cases in Poland) (Fig. 4) . From the middle of March until the middle of April, ca. 95 % of thermal springs begin, although in all non-mountainous regions, there was one incident of the thermal spring onset in February (1990) . On the other hand, the latest beginning of the season occurred in the middle of April (e.g. 1954 April (e.g. -56, 1958 April (e.g. , 1997 , which results in a relatively small range of ending dates in comparison to earlier seasons. A histogram for the duration of thermal spring (Fig. 5) shows the dominance of the 61-70-day range for Poland, and 70 % of all thermal springs lasted between 50 and 80 days. The shortest springs, lasting less than 30 days, were observed in the interior of the country. The longest ones exceeded 120 days locally (Baltic Sea Coast, Sudetes), while a maximum duration for entire Poland was 103-106 days (in the years 1974 and 1990, respectively) . It is worth noting that there is no significant correlation between the duration of thermal spring and a lack of winter.
Summer
Thermal summer's onset may appear from the beginning of May to the beginning of August. The most typical dates occur between the end of May and the middle of June (86.7 % of all cases in Poland), with a Gaussian distribution of onset dates (Fig. 4) . Thermal summer, like thermal winter, is a season that may not appear during a year when the monthly mean temperature does not cross the threshold value. In the analysed period of time, such a situation was observed in only three regions (in 1965 on the Baltic Sea Coast and in 1978 on the Sudetes and the Carpathian Mts.), and after 1978, thermal summer always occurred in all analysed areas. Almost 70 % of all thermal summers in Poland in the years 1951-2010 had durations of 81-110 days (Fig. 5) , while the maximum for the whole country took place in 2002, when the season lasted for 119 days. Furthermore, thermal summer was the longest season in Poland in 60 % of years in the period from 1951 to 2010, but since the 1990s, summer was the longest season in 85 % of the years (in the period from 1951 to 1970, it was longest in less than 50 %).
Autumn
Thermal autumn is the most stable among all the seasons. Above 90 % of autumns' onset dates in all regions (excluding mountainous ones) occurred between the last days of August and the middle of September (Fig. 2) . Single years with very early onset dates for thermal autumns were noted on the Baltic Sea Coast, in the Sudetes, and in the Carpathian Mts. (second part of July), while the latest beginnings of the season took place in the end of September in most regions (Fig. 4) . Almost all autumns in Poland lasted between 51 and 90 days. The shortest one was observed in 1975 (41 days for whole territory of Poland), and the longest one lasted 104 days in the region of Carpathian Mts. It is worth noting that cases in which the limit of 100 days was trespassed upon took place only in the most northern and the most southern regions, mainly in years without summers or with only short summer seasons (e.g. 1965, 1978) .
Autumn is the only season for which the standard deviation of the onset dates in most cases is lower than 9-10 days, which confirms the thesis regarding relatively small interannual variations (Rapp and Schoenwiese 1994; Piotrowicz 2010) . Also, standard deviations for the duration of thermal autumn are the lowest among all seasons.
Early winter
The beginning of thermal early winter occurs most often between the last days of October and the middle of November (from 80 % of all cases in the Baltic Sea Coast to 90-95 % in other regions). The earliest incidents of the early winter onset were observed twice in the middle of October in mountainous regions (1972, 1976) , while the latest one took place on the Baltic Sea Coast in 2006 when due to anomalously warm December 2006 the thermal early winter began on the 5th of January. Additionally, there were no cases of the early winter onset occurring later than the first 10 days of December. In fact, the early winter beginning dates are, together with thermal autumn's, the most stable ones (σ = 8.4 days in Poland), with an increasing tendency in the standard deviation of onset dates since the 1990s (Fig. 6) . In some regions, the shortest seasons may last only several days (7 days in the Baltic Sea Coast in 2010), while the longest ones comprise of more than 100 days (e.g. an estimated 102 days in 1974 for the whole country). Usually, the duration of thermal early winter varies between 31 and 60 days (73.3 % in Poland, Fig. 5) , with a standard deviation greater than 20 days. Among other seasons, these values are only higher for thermal winter.
Long-term trends of duration and onset dates of thermal seasons in the period 1951-2010
Monthly mean air temperature changes (Fig. 3) influence long-term changes in the thermal seasons' characteristics; therefore, the linear regression coefficient of the thermal seasons' onset has a specific annual course. There is a negative tendency for the onset of seasons from early spring to summer, which means that they tend to begin earlier. The strongest trends are estimated for thermal early spring, with values from −0.55 to −0.40 day/year, and in all analysed regions, these values are significant according to the Mann-Kendall test (Table 4) . For spring, the coefficients are almost twice smaller and vary from −0.28 up to −0.18 day/year, while slightly lower values occurred for thermal summer (−0.20 to −0.03) and only 7 of 14 regions have significant trend coefficients.
In the following seasons, the tendency of their onset is positive in most cases, which means that thermal autumn, early winter and winter usually start later. Such results confirm the thesis presented by Menzel (2000) , Ruosteenoja et al. (2010) and others for various parts of Europe. Autumn is the season with the highest tendency toward later onset, and it starts, on average, later by 0.14 days/year in Poland. The calculated trend coefficient values for the early winter season is slightly positive in the whole country and vary from 0.03 in the eastern part of Lakelands and Sudety Mts. to 0.10 days/ year on the Baltic Sea Coast. The area average of regression coefficient for the winter season in the whole country is about 0.09 days/year, but due to the relatively small rate of change, this result may vary from region to region. For example, on the Baltic Sea Coast, the season tends to start earlier (−0.16 days/ year), while in the bordering region of the Lakelands, the tendency is the opposite (0.05 days/year), which confirms variation (regional sensitivity), even on a small scale, especially in cases where the magnitude of trend coefficient is close to zero.
Due to the multicourse trends of the occurrence of thermal seasons, the tendencies of their durations change as well (Table 5 ). The thermal winter onset is observed later nowadays, and in connection with winter shortening, the thermal early spring begins earlier by about 0.5 days/year in most regions. The rise of monthly mean temperature from December to February (and only slightly smaller from March to May, Fig. 3 ) causes significant shortening of winter season (Fig. 6) . The highest rate of change was computed for thermal winter in the western part of Lakelands region (−7.5 days/decade), while the area average for Poland is equal to −6.4 days/decade, and only in the mountains is it less than −5 days/decade. The pace of observed changes increased rapidly in the last years of the twentieth century, which may suggest greater values for trends than were calculated for the whole period. If the presented trends (Table 4, Table 5 ) for thermal winter are extrapolated, this season in future may occur only occasionally in lower elevated country's regions. Nevertheless, the calculated duration of thermal season, e.g. in the Baltic Sea Coast for the period from 1981 to 2010, was already shorter than 10 days. This means that the lack of thermal winter in the most northern region may be a typical phenomenon relatively soon, although different GCM projections show that in anomalously cold years, thermal winter will still occur even at the end of twenty-first century. Changes in the onset of thermal early spring are the greatest among the seasons (Table 4) , and it tends to occur earlier by 0.46 days/year in Poland. Because of the fact that the onset of thermal spring is also observed earlier, the duration of early spring lengthens by 2-3 days/decade (Table 5 ). The increase of the duration of thermal early spring is related with its replacing thermal winter, what means that this transient season (early spring) has become longer in recent years, as if its length is becoming comparable to that of thermal winter (Fig. 6) . Additionally, taking into account the computed trends for the occurrence dates of early spring and early winter, those seasons may more often replace thermal winter, which raises further questions about the determining onset of early spring in such years.
The threshold temperature for the growing season and thermal spring is usually established as being the same value (5°C), which, in fact, results in the possibility of using partially phenological and agrometeorological research as an indicator for season characteristics. Additionally, phenological changes are usually strongly correlated with monthly mean temperatures (Menzel et al. 2006 ). An analysis of phenological observations in Poland conducted by Tomaszewska and Rutkowski (1999) and Jabłońska et al. (2015) for shows that the onset of vegetation in the spring season tend to occur earlier in the following 10-year periods, while other phenological seasons seemed to be stable. According to Kożuchowski and Degirmendżić (2005) , since the 1990s, onset dates have advanced, but due to the tendency toward earlier ending dates of the seasons, the length of the growing season did not change. In the context of European continent, similar research was conducted by Menzel (2000) , who proved that the beginning of spring moved backward by about 6.3 days in the period 1959-1996. As calculated in this paper, thermal spring tends to occur ca. 0.21 days/year earlier, which is of slightly higher value in comparison to Menzel's calculations. Nevertheless, if the results are compared in analogous periods, they are almost equal (Europe, phenological spring −0.134 days/year; Poland, thermal spring −0.148 days/year). This confirms the suggestions made by some authors (Piotrowicz 2010 ) about using the thermal and phenological seasons' characteristics at the same time. Also, the slightly increasing duration of thermal spring (0.05 days/year in Poland) in most regions and the earlier occurrence of thermal summer (−0.16 days/year) remain in agreement with the tendencies recognized by Menzel et al. (2006) . Additionally, the author proves the influence of monthly mean air temperature course (mean correlation with temperature equal to −0.53) on agricultural activities common for the summer season (tilling, harvesting, etc.) , which may suggest the application of thermal seasons for agricultural purposes.
The duration of thermal summer is, next to the winter, a season with the strongest pace of change due to temperature increase. Calculated coefficient trends for the length of this season vary between 0.21 days/year in central parts of the country to ca. 0.4 days/year in the mountains and coastal zone. This means that in the near future, thermal summer will more often be the longest season, with a duration of above 1/3 of the whole year.
Thermal autumn, according to calculations presented above, is the first season during a year that tends to occur later, by 1.4 days/decade on average (Table 4) . Because of this, autumn is, together with thermal winter, the only season with a decreasing length according to the values presented in Table 5 (Poland −0.7 days/decade). According to Menzel (2000) , in the period 1959 to 1996, the growing season (threshold value the same as for the termination of autumn) became longer also due to the later cooling during autumn (4.5 days in 37 years). This is the same order of magnitude as in Poland during this same period (estimated rate of change ∼0.09 day/year) for early winter onset.
Discussion and conclusions
Traditional division of Polish climate into four main thermal seasons (winter, spring, summer and autumn) with their duration of over 2 months, and two transient thermal seasons (early spring and early winter) with duration of a bit more than 1 month (Table 3) has changed remarkably in recent years. This is clearly due to a transformation of climate patterns observed in Central Europe (Heino et al. 1999; Kożuchowski and Żmudzka 2001; Degirmendžić et al. 2004; Kożuchowski and Degirmendžić 2005; BACC 2008; Brazdil et al. 2008) .
Analysis presented in this study shows that all thermal seasons from early spring through spring and summer tend to start earlier, while autumn, early winter, and winter usually start later than they did in the second half of the twentieth century. Almost all other seasons are becoming longer due to rapid decreases in the duration of thermal winter (and partly thermal autumn).
The asymmetric warming observed during a year (Fig. 3) is especially well seen during the colder part of the year, which impacts rising lack of regularity of onset dates for thermal winter and thermal early spring since the middle of the 1980s (Fig. 6 ). Together with a rise in mean air temperature which occurred in winter months, the decrease of annual amplitude (Wibig and Głowicki 2002) caused the huge interannual variability of the thermal winter, which can be both: the longest one (26.6 % of all analysed cases in Poland), but also may not occur at all (10 % of cases in Poland, 22 % in the Baltic Sea Coast region). Since the late 1980s, the shortening of the season accelerated and years without thermal winter appeared more and more often (all six occurrences noticed in Poland), what is confirmed by the rising values of the standard deviation of its occurrence and its length, which is the highest among all thermal seasons.
The decrease in the number of days with thermal winter over the entire analysed period is estimated to be 6.4 days/ decade in Poland, which means the lack of that season's regular occurrence in most of the country in the following decades. This situation should be seen the fastest in the Baltic Sea Coast region, assuming that the calculated trends will not change significantly. In the authors', opinion the obtained regression coefficients for thermal winter cannot be interpreted literally, since the short-or mid-term very cold episodes, caused e.g. by Bthe European blocking^ (Cattiaux et al. 2010; Anstey et al. 2013 ) may appear in future as well causing that the long-term mean duration of this season will remain slightly above 0. Moreover, changes of the thermal winter durations are not linear even if the temperature increase would proceed at a constant rate. However, according to obtained results and taking into consideration most of future climate projections (e.g. ECHAM-5) years with relatively mild and long duration of thermal winter, as observed in years 1984 and 1999, are less probable in the future.
Due to the vanishing of thermal winter, the transient seasons of early spring and early winter are lengthening in most of the country. The earlier onset dates of early spring influence the increase of its duration, even though it is still the shortest season of the year, with a typical length below 40 days in most of regions of Poland. Thermal early winter is comparatively short, but the tendency of its lengthening is not so obvious according to results obtained for different regions (Table 5) . Nevertheless, the results suggest equalization of both seasons neighbouring thermal winter and the loss of their transient character in a future. On the other hand, it must be noted that this equalization partially derives from methods of calculation the early winter and early spring duration in years where without thermal winter season, i.e. dividing the cold season equally to both neighbouring seasons.
The significant rise of mean temperature noted from March to May from 1951 to 2010 (1.41°C in Poland) caused the shift of beginning dates for thermal spring toward the end of March. The thesis presented earlier (Rapp and Schoenwiese 1994; Kożuchowski and Degirmendžić 2005) concerning the changes in the thermal spring and autumn finds confirmation in the results shown. This is due to the significant diminishing of the temperature differences between these meteorological seasons (Fig. 3) which may be seen in the equal length (65 days, Table 3 ) of both seasons for the analysed period, with the tendency of thermal spring to increase in length (Table 5) . Additionally, thermal autumn was the most stable season according to the standard deviation values for its duration and occurrence dates.
The longest thermal season in Poland is thermal summer, with the second highest linear coefficient values in terms of increasing length (0.3 days/year) among all other seasons. In recent years, it became undoubtly the longest thermal season, and since 1991, there were only three exceptions to this rule for the entire area of Poland (Fig. 6) . Further increase of monthly mean air temperatures in summer months observed after year 2000 caused that duration of this season has already increased to 100 days, which may have further socioeconomic and environmental implications.
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